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ABSTRACT
When mouse peritoneal exudate containing Toxoplasma 
gondii tachyzoites and mouse cells was treated with low con­
centrations of hemolysin, a surfactant of phospholipids, host 
cells were lysed while tachyzoites remained viable. Upon 
the addition of a more concentrated hemolysin solution to 
this purified preparation of Toxoplasma, the organisms yield­
ed a 3 component system containing the outer membrane (pelli­
cle) , microtubules and conoid in relatively normal morpholog­
ical configuration. Further treatment of this preparation 
with protease digested all but the pellicle, which appeared 
more collapsed in electron micrographs.
The 3 component system and pellicle ghost preparations 
were used in rabbit anti-toxoplasma and goat anti-rabbit- 
ferritin labeling experiments. The 3 component system 
showed ferritin label on the conoid and equal ferritin label 
on the outer and inner surfaces of the pellicle. The micro­
tubules were unlabeled. The pellicle ghost also was labeled 
equally on the outer and inner surfaces.
To determine the chemical composition of the pellicle 
and other subcellular components isolated, several assays 
were employed. No mannose or glucose lectin-binding sites 
were seen when viable Toxoplasma was incubated with
ii
Concanavalin A. The silver methenamine assay showed a posi­
tive reaction for mucopolysaccharides and glycoproteins on 
the facing surfaces of the two inner membranes. The 
pellicle was negative for this procedure.
Total protein content of the 3 component system and 
the pellicle ghost by the Lowry method indicated the amount 
of protein present in these preparations was below the 
resolution of the assay. In a parallel procedure, an 
equal aliquot of the 3 component system and the pellicle 
ghost was used to determine total carbohydrate content by 
phenol-sulfuric acid hydrolysis. Approximately three times 
more carbohydrate was found in the 3 component system than 
in the pellicle ghost.
Sodium dodecyl sulfate polyacrylamide gel electro­
phoresis of the 3 component system and the pellicle ghost 
indicated seven bands in the former and five in the latter, 
inferring two bands of the 3 component system were constit­
uents of the conoid and microtubules.
Qualitative carbohydrate analysis by gas-liquid 
chromatography resulted in the detection of three sugars 
in the 3 component system. Two of the sugars had retention 
times identical to the standards rhamnose and ribose, while 
the retention time of the third sugar was slightly less 
than that of the xylose standard. Analysis of the pellicle 
ghost showed the presence of two of the sugars found in the 
3 component system. The carbohydrate corresponding to
iii
rhamnose was absent, inferring this sugar was associated 
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OVERVIEW
The sporozoan parasite Toxoplasma gondii has a simple 
life cycle in that felines are the only hosts necessary for 
the parasite to complete its life cycle (Figure 1). Toxo­
plasma sporozoites contained within an oocyst are defecated 
by an infected feline. An uninfected cat may ingest oocysts 
by coming into contact with contaminated feces. During the 
potential host's grooming processes, oocysts on the paws 
are ingested. The oocyst is carried to the small intestine 
of the host where the sporozoites excyst and invade the 
mucosal lining of the intestine. Toxoplasma is an obliga­
tory intracellular parasite and undergoes numerous divisions 
(endodyogeny) within parasitophorous vacuoles of the mucosal 
cells. Multiplying parasites of the endodyogeny cycle are 
termed tachyzoites. As infected mucosal cells are debili­
tated by the tachyzoite infection, the parasites leave de­
pleted host cells and invade new cells of the gastro-intesti 
nal tract. After an undetermined number of divisions, tachv 
zoites differentiate into microgametes and macrogametes, 
which are the sexual forms of Toxoplasma. Fertilization 
occurs and the diploid zygote begins to form a surrounding 
oocyst wall as the zygote undergoes sporogony (reduction 
and division) to form haploid sporozoites. The feline- 
feline cycle requires 20 to 40 days for completion.
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Although Toxoplasma is an obligatory intracellular 
parasite, every type of cell culture thus far tested will 
support an infection of Toxoplasma, i.e., unlike other 
coccidia, Toxoplasma has few specificities for suitable 
hosts in vitro or in vivo. Thus, when animals other than 
felines ingest oocysts, an infection also occurs. The 
oocyst is carried to the small intestine, the sporozoites 
excyst, enter the mucosal cells and tachyzoites undergo 
repetitive endodyogeny, which results in an acute infection 
of toxoplasmosis. Since in this instance the infection is 
not occurring in a feline, differentiation of the parasite 
into its sexual form does not occur. If a feline were to 
eat an acutely infected non-feline, the Toxoplasma, tachy­
zoites would be carried to the small intestine of the feline 
and the feline would become infected. Differentiation of 
tachyzoites into gametes would occur and the cycle would be 
completed as occysts would be defecated by the feline 4 to 
6 days after eating the acutely infected non-feline.
If, however, an acutely infected non-feline inter­
mediate host is not eaten by a cat, the tachyzoites continue 
to multiply rapidly in the intestinal mucosal cells of the 
intermediate host. Due to the proximity of capillaries and 
the lymph system to the mucosal lining, tachyzoites gain 
access to the rest of the body. With the establishment of 
a parenteral infection, the intermediate host responds 
immunologically by antibody production against Toxoplasma 
antigens and many tachyzoites are killed during their extra­
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cellular transitory period. Tachyzoites escaping the immune 
response continue to multiply intracellularly but eventually 
form pseudocysts in infected tissue. Parasites surviving in 
pseudocysts are termed bradyzoites since they divide at a 
slower rate than tachyzoites located in gastro-intestinal 
cells. A low-level chronic infection of bradyzoites thus 
may be established in an intermediate host. If a feline 
eats an intermediate host supporting a chronic infection, the 
normal life cycle of Toxoplasma is resumed and oocysts are 
present in the feline feces within 3 to 6 days.^
The form of Toxoplasma used in the studies presented 
in this dissertation is the tachyzoite, which is approximately 
5 m/i by 11 mu. in size. A schematic diagram of the tachy­
zoite is shown in Figure 2. Toxoplasma is an eukaryotic 
organism as evidenced by the fact that it contains a nucleus 
surrounded by a nuclear membrane. In addition, the parasite 
has a mitochondrion and Golgi apparatus.
Classification of Toxoplasma as a coccidian is based 
upon the presence of certain apical subcellular structures.
The rhoptries are club-shaped organelles extending from the 
anterior area and smaller electron-dense bodies termed micro- 
nemes may be convoluted ducts of the proximal portion of the 
rhoptries. The conoid is a cone-shaped organelle located in
^"Frenkel, J. K. 1973. Toxoplasmosis: Parasite life
cycle, pathology and immunology. In: The Coccidia. (D. M.
Hammond, Ed.) University Park Press. Baltimore, pp. 343-410.
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the center of the apical complex and may be involved in 
active penetration by the parasite into host cells. Micro­
tubules, which do not appear in cross-section, extend in 
umbrella-like fashion from an electron-dense apical polar 
ring to the level of the nucleus.
The outer envelope of Toxoplasma, like all coccidians, 
is unusual in that the limiting membrane of the organism is 
a complex of three distinct structures. Two closely opposed 
inner membranes arise from the anterior polar ring and extend 
to the posterior polar ring, i.e., the inner membranes are 
not continuous around the tachyzoite. Additionally, the 
inner membranes are discontinuous in the region of the micro­
pore. The outermost membrane, however, is continuous and 
completely encircles the cell. The outer membrane, the 
pellicle, appears to be slightly thicker than either inner 
membrane.^
The bulk of Toxoplasma research to date has concentrat­
ed on either the oocyst or pseudocyst forms of the parasite, 
for these stages are easily separated from host material. 
Little information, aside from in situ ultrastructure and 
cytochemical assays, concerning the organic composition of 
the tachyzoite stage has been obtained thus far because it is 
difficult to separate tachyzoites from host cells. The work 
presented in the following studies describes a method for
2Scholtyseck, E. 1973. Ultrastructure. In: The
Coccidia. (D.M. Hammond, Ed.) University Park Press,
Baltimore. pp. 81-144.
isolation of tachyzoites. In addition, the antigenicity of 
isolated pellicle, conoid and microtubules was tested and 
the chemical composition of these subcellular structures was 
investigated.
6
Figure 1. Life cycle of Toxoplasma gondii.
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Figure 2. Schematic drawing of Toxoplasma 
gondii tachyzoite stage.
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CHAPTER I
PURIFICATION OF TACHYZOITES FROM PERITONEAL 
EXUDATE AND CELL CULTURE
10
INTRODUCTION
Quantitative biochemical investigations of the intra­
cellular parasite Toxoplasma gondii have been impeded because 
pure, viable parasitic cell populations have not been obtained 
easily from mouse peritoneal exudate or cell cultures. By 
differential centrifugation Jones and Hirsch (3) and Lycke 
and Lund (6) were able to recover parasites from exudate, 
although host cells may contaminate the preparations. Centri­
fugation followed by filtration (1, 7) or centrifugation 
in the presence of anti-mouse serum (10) does yield purer 
preparations. However, these methods are time consuming and 
reduce parasite viability (2). The present report describes 
a rapid procedure for isolation of pure, viable parasite 
populations.
MATERIALS AND METHODS
The RH strain of Toxoplasma gondii (obtained from
H. G. Sheffield, National Institutes of Health) was passed 
in mice using inocula of 1x10^* parasites. Host white blood 
cells and parasites in the exudate, recovered 2 days after 
passage, were sedimented in an International Clinical Centri­
fuge for 3 minutes at lOOOxg. After removal of the 
supernatant fluid, 8 units of purified heat-stable hemolysin,
11
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produced by Pseudomonas aeruginosa (9) , in a volume of 1 ml 
were added to the pellet and agitated with a Pasteur pipette 
for 45 seconds. To prevent further action by hemolysin 2 ml 
of 507, heat inactivated fetal calf serum (Gibco) were added, 
the cell suspension was resedimented by centrifugation for 
3 minutes at lOOOxg and then washed 2 times with Sorensen 
phosphate buffer, pH 7.2.
Hemolysin-treated and untreated fresh preparations 
were examined using a Leitz Ortholux microscope with Nomarski 
interference. Parallel samples were prepared for transmission 
electron microscopy by fixation in 2% glutaraldehyde and 
17o OsO^, dehydrated in acetone and embedded in Epon. Thin 
sections were cut on a Sorvall MT2B ultramicrotome, post­
stained with uranyl acetate and Reynold's lead citrate and 
viewed on a Hitachi HU-11A or Zeiss 10 electron microscope.
HeLa cell cultures grown to confluence in 25 ml Falcon
6flasks were inoculated with 2-3x10 hemolysin-treated Toxo­
plasma . After 48 hr of incubation at 37°C, the cells were 
loosened with a rubber policeman, treated with hemolysin 
and prepared for electron microscopy as above.
The viability of hemolysin-treated Toxoplasma was 
compared to untreated exudate controls. Five groups of 
mice (5 mice/group) were inoculated intraperitoneally with 
Toxoplasma purified with hemolysin. The number of organisms 
inoculated was calculated from microscopic counts of un­
diluted suspensions and inocula in both groups ranged from 
1790 to 1.79 Toxoplasma/mouse. Death of the mice was
employed as the indicator of infection.
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RESULTS
Light microscopic photographs of hemolysin-treated 
and untreated fresh preparations are shown in Figures 1 
and 2. Untreated exudate, when sedimented and washed with 
phosphate buffer, yielded a cell suspension containing free 
Toxoplasma and host white blood cells (Figure 1). It may 
be noted, however, that hemolysin treatment effectively 
lysed all host cells (Figure 2). Ultrastructural examina­
tion of a hemolysin-treated preparation (Figure 3) showed no 
apparent change in internal morphology of the parasite.
Figure 4 is an electron micrograph of a HeLa cell 
containing parasites within a parasitophorous vacuole. After 
treatment with hemolysin for 5 seconds (Figure 5), many 
parasites were freed from host cells. However, with this 
brief treatment some infected HeLa cells remained intact 
and host cell membranes still surrounded free parasites. 
Longer treatment fragmented these membranes sufficiently 
so that intact parasites could be separated by centrifuga­
tion .
Analysis of the viability of hemolysin-treated and 
untreated Toxoplasma (Table 1) using the t test showed no 
statistically significant difference (4). Although 2 mice 
inoculated with 1.79 hemolysin-treated Toxoplasma had not 
expired at the termination of the viability experiment, it 
can be assumed these animals had not received any parasites
in the highly dilute inoculation.
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DISCUSSION
The results in the present study indicate that treat­
ment with hemolysin does not affect Toxoplasma. The use of 
hemolysin was indicated by its properties as summarized by 
Liu (5). Hemolysin is a glycolipid surfactant which solu­
bilizes phospholipids and its activity is suppressed by 
serum proteins. It was noted that hemolysin will lyse 
white blood cells and animal tissue cells in culture, as 
well as red blood cells of a number of species.
However, low concentrations of hemolysin do not dis­
rupt the integrity or viability of the parasite. In compari­
son with the fine structure of untreated organisms as de­
scribed by Sheffield (8), hemolysin does not seem to affect 
the outer and inner membranes of Toxoplasma, which would 
indicate the pellicle of this parasite is in some manner 
different from mammalian cell membranes.
By the use of hemolysin, it is now possible to obtain 
pure, viable, high yield Toxoplasma gondii populations from 
cell cultures or from peritoneal exudates within a short 
period of time. This method has been useful in carrying 
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TABLE 1
Comparison of viability between hemolysin- 
treated and untreated Toxoplasma
UNTREATED EXUDATE CELLS
Toxoplasma/ml_______1790_______179_______17. 9_______1.79
Days survived 5 5 7 8
7 7 7 9
7 7 8 9
8 7 9 9
8 8 9 10
HEMOLYSIN-TREATED TOXOPLASMA 
Toxoplasma/ml 1790 179 17.9 1.79
Days survived 7 8 9 9
7 8 9 9
7 8 9 10
8 8 9
8 8 9 *
Control: phosphate buffer*
t = 1.43
*survival until termination of experiment 
11 days post-inoculation
Figures 1 and 2. Light microscope photographs 
of fresh Toxoplasma gondii preparations.
Figure 1. Mouse peritoneal exudate containing 
host cells (HC) and free Toxoplasma (T). x850
Figure 2. Purified Toxoplasma (T) by treatment 
with 8 units of hemolysin. x850
18
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Figure 3. Electron micrograph of hemolysin- 
treated Toxoplasma. The pellicle (P) remains 
intact. The conoid (C), nucleus (N) and mito­




Figure 4. Toxoplasma (T) within a parasitophorous 
vacuole (PV) of a HeLa cell (H). xl5,100
22
Figure 5. HeLa cell membranes (HM) partially 








Electron microscope studies indicate Toxoplasma gondii 
tachyzoites contain three distinct peripheral membranes 
(15). Two closely opposed membranes arise at the anterior 
polar ring and terminate at the posterior ring (19, 22).
The third membrane encloses the entire organism and has been 
considered analogous to a typical cell membrane (25).
Various manipulations have demonstrated, however, that this 
outer envelope does not behave as a typical unit membrane. 
Purification of mouse peritoneal exudate by shaking with 
glass beads (6) will lyse host white cells but not para­
sites; parasites will lyse only if suspended in distilled 
water overnight (9, 12) or by sonication (2); no lectin 
binding sites have been found on the outer surface (18). 
Recently, treatment with hemolysin, used in parasite purifi­
cation procedures from exudate, has shown that, while host 
cells are lysed by this detergent, the Toxoplasma pellicle 
is intact and the parasite remains viable (24) .
Immunoactivation studies have shown that there is a 
deposition of ferritin-labeled anti-toxoplasma antibody on 
the outer pellicular surface (14, 21) as the pellicle is 
seen to swell and disrupt during the antibody-antigen re­
action (4). Brzosko, et̂  al. (1) postulated that the anti­
genic material found on the surface of Toxoplasma cells
26
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originates from within the cytoplasm.
The present study describes procedures for isolation 
of the outer pellicular membrane with and without certain 
subcellular components. In addition, the symmetry of mem­
brane antigenicity was tested with anti-toxoplasma antibody 
using ferritin as the marking agent.
MATERIALS AND METHODS
M aintenance and Purification of Parasites
The RH strain of Toxoplasma gondii (obtained from H.G.
Sheffield, National Institutes of Health) was passed in mice
6using inocula of 1x10 parasites. Purification of the exu­
date was that as described by Tryon, et al. (24) with slight 
modifications. To prevent aggregation of parasites due to 
liberation of host cell DNA during purification, 1 mg/ml 
DNase (Type I, Sigma Chemical Co.) was added to the hemoly­
sin. Purified parasites were sedimented at lOOOxg in an 
International Clinical Centrifuge (ICC) and washed 2 times 
with 0.15 M Sorensen phosphate buffer (SPB), pH 7.2.
Preparation of Pellicle
Eighty units of hemolysin in a volume of 1 ml were 
added to pellets of purified parasites. Included in the 
hemolysin were 1 mg/ml each of DNase and RNase (Type 11-A, 
Sigma Chemical Co.) to digest internal components of the 
parasites. The cells were agitated frequently with a Pasteur 
pipette at room temperature. After 10 minutes an equal
28
volume of 507o heat-inactivated fetal calf serum (Gibco) was 
added to prevent further action by hemolysin. Volumes were 
adjusted to 25 ml with SPB, the suspensions sedimented in a 
Sorvall RC-5B centrifuge at 10,000 rpm for 10 minutes and 
washed 2 times with 25 ml SPB.
Some pellets of particulate material isolated by the 
above procedure were processed further by adding 1 mg/ml 
protease (Type V, Sigma Chemical Co.) which had been pre­
pared by dissolving 10 mg of enzyme in 10 ml SPB and sedi- 
menting the starch extender in an ICC for 5 minutes at lOOOxg. 
Two ml of the supernatant fluid containing the protease 
enzyme were added to the lysed parasites and allowed to 
incubate at 37°C for 30 minutes. Volumes were adjusted to 
25 ml, the undigested fraction of the preparation sedimented 
and the sediment washed 2 times with 25 ml SPB at 10,000 rpm 
for 10 minutes as above.
Ferritin Labeling and Electron Microscopy
Purified live Toxoplasma, parasites lightly fixed in 
27, glutaraldehyde in 0.1 M cacodylate buffer (pH 7.2), the 
remaining particulate fraction after treatment with 80 units 
of hemolysin, as well as the residual particulate fraction 
after hemolysin and protease treatment were used in the 
labeling experiments. The samples were resuspended in 0.5 
ml cold SPB and processed according to the method described 
by Kilejian, et al. (8). Rabbit anti-toxoplasma antibody (RT) 
with a dye test titer of 1:4096 (obtained from J. S.
29
Remington, Palo Alto Medical Research Foundation) in a 
volume of 0.5 ml was added to the samples and incubated for 
1 hr at 37°C. After washing 3 times with cold SPB and 
sedimenting whole cells in an ICC for 3 minutes at lOOOxg 
or, in the case of the particulate fractions, in a Beckman 
B microfuge for 1 minute, the samples were resuspended in
0.5 ml cold SPB and 0.1 ml goat anti-rabbit antibody conju­
gated to ferritin (GRF) (Cappel Laboratories) was added and 
allowed to react for 2 hr at 4°C. Unreacted GRF was re­
moved by rinsing the sediment with SPB and sedimenting the 
preparation in an ICC for 5 minutes at lOOOxg. Controls 
for the labeling procedure included incubation of live 
Toxoplasma with GRF alone and live Toxoplasma with heat- 
inactivated normal rabbit serum (obtained from M. Weil, LSU 
Dept, of Microbiology), follwed by GRF adsorbtion.
All samples were fixed in 270 glutaraldehyde and 1% 
OsO^, en bloc stained with uranyl acetate, dehydrated in 
acetone and embedded in Epon. Thin sections were cut on 
a Sorvall MT2B ultramicrotome, post-stained with Reynold's 
lead citrate and viewed on a Hitachi HU-11A electron micro­
scope .
RESULTS
Isolation of Pellicle and Subcellular Components
Three structures, termed the three component system 
(3CS), of Toxoplasma were not solubilized by hemolysin 
(Figure 1): conoid, microtubules and pellicle (the outer-
30
most, continuous membrane). At the anterior of the organism 
the conoid appeared morphologically intact and exhibited 
transverse periodicity. A polar line of section showed 
microtubules emerging from the polar ring area in a con­
figuration typical of untreated parasites. Although the 
distinct light and dark bands characteristic of membrane 
conformation were not as predominant, the pellicle retained 
the general shape of the organism. All other subcellular 
organization was eliminated by hemolysin, DNase and RNase 
treatment.
Incubation of the 3CS with protease (Figure 2) re­
sulted in the pellicle appearing to have lost much of its 
rigidity as it appeared to be convoluted and collapsed. 
Furthermore, in many areas light and dark demarcations of 
the pellicle had a more electron opaque and expanded aspect. 
No evidence of conoids or microtubules was found in the 
preparations, indicating complete digestion of these 
structures by protease and only a pellicle ghost (PG) re­
mained .
Ferritin Labeling
Controls, using viable Toxoplasma + GRF (Figure 3) 
or viable parasites + normal rabbit serum + GRF (Figure 4) 
indicated no antibody-antigen reaction occurred in the 
absence of RT on the lateral or polar surface of the para­
site.
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After exposure of viable Toxoplasma to RT + GRF, 
ferritin particles were seen to line the surface of the 
parasite (Figure 5). Numerous gaps in the pellicle were 
evident since the RT contained complement. Figure 6 is a 
photomicrograph of glutaraldehyde fixed Toxoplasma + RT +
GRF. Although many ferritin particles covered the surface, 
no interruptions in the pellicle were noted in this pre­
paration .
When 3CS was exposed to RT + GRF, selective ferritin 
labeling occurred (Figure 7). No label appeared on the 
microtubules, while ferritin particles were seen on the 
inside and outside edges of the cross-sectioned conoid.
The pellicle was labeled equally on both sides with ferritin. 
Figure 8, which illustrates P G + RT + GRF, showed the highly 
collapsed and tortuous pellicle. Ferritin particles were 
adsorbed equally along the entire inner and outer surfaces.
DISCUSSION
The present study was undertaken to isolate the pellicle 
of Toxoplasma so that external and internal antigenicity of 
this structure might be compared. The unusual nature of 
this membrane is evidenced by its apparent lack of sensiti­
vity to low (8 units) concentrations of hemolysin. The 
reasons for its reactivity with 80 units of hemolysin are 
speculative at this juncture. Opening of the pellicle to 
allow leaching out of internal components, i.e., hemolysin 
attack on exposed phospholipids, may be due to structural
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differences in the pellicle of the micropore region. 
Scholtyseck and Mehlhorn (17) found the micropore walls to 
be thickened, while the furthermost invagination of the 
pellicle in this structure appears more like the pellicle 
covering the rest of the organism. Morphological dif­
ferences in the micropore may be reflected in differences 
of chemical composition. No preparations of the 3 component 
system (3CS) showed disruption in the anterior-conoid region 
of the organism, which indicates hemolysin sensitivity is 
elsewhere on the parasite.
The fact that the 3CS pellicle is not affected by 
hemolysin implies this structure either contains little, 
if any, phospholipids or the phospholipids are masked by 
other molecules. Morphologically, the light and dark bands 
typical of "unit membrane" phospholipids pose an intriguing 
problem as to their chemical composition. Protease incu­
bation of the 3CS results in digestion of the conoid and 
microtubules, which would imply protein within the conoid 
and substantiates its presence in Toxoplasma microtubules 
(7, 11, 20).
The reactivity of the outer pellicle to anti-toxoplasma 
antibody and the complement system has been described previ­
ously (1, 4, 10, 16, 21). The RT used in the present study 
had not been heat-inactivated prior to incubation with the 
organisms, which would indicate activation of the complement 
system of the rabbit anti-toxoplasma serum had occurred and 
accounts for pellicular gaps seen in control and 3CS prepa-
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rations. During the fixation of complement, subunits of 
complement proteins form a ringed structure on the pellicle. 
Physical stress on the membrane is exerted by complement 
in the ring configuration, resulting in the structural in­
tegrity of the membrane being interrupted and the membrane 
separates. Glutaraldehyde fixed parasites retained their 
surface integrity, which would infer that glutaraldehyde 
fixation altered the structure of the pellicle in such a way 
as to prevent complement from exerting sufficient physical 
stress to separate the pellicle.
Lunde and Jacobs (13) found a positive dye test re­
action to Toxoplasma "ghosts." This preparation was not 
examined on an ultrastructural level to determine if the 
conoid and microtubules remained after lysis in distilled 
water. Because microtubules do not exhibit an antibody- 
antigen reaction in the present study, it appears the 
pellicle and conoid contribute to the dye test reactions; 
the pellicle shows symmetry of reactivity, whether isolated 
as part of a 3CS or exposed to protease digestion. Further­
more, studies by Suzuki and Tsunematsu (23) showed that 
preincubation of intact, living parasites with trypsin en­
hanced immune cytolysis by allowing access of antibody to 
the surface.
It appears that the antigenicity of the pellicle does 
not involve proteins susceptible to protease or trypsin 
digestion. If these surface components arise from the cyto­
plasm of the parasite (1), they are inserted into the pellicle
as fully formed, evenly distributed antigenic components. 
Further studies on the composition of the pellicle may make 
it possible to obtain more definite information as to its 
antigenic and chemical nature.
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Figure 1. Treatment of Toxoplasma with hemolysin 
results in a three component system containing the 
pellicle (P), conoid (C) and microtubules (MT) 















Figure 2. Pellicle ghost (PG) preparation after the 





Figure 3. Control preparation of viable Toxoplasma 
incubated with goat anti-rabbit antibody conjugated 
to ferritin. Low level, non-specific ferritin (F) 
label is scattered lightly in the preparation. 
Integrity of the pellicle (P), inner membranes 




Figure 4. Control preparation of viable Toxoplasma 
incubated with normal rabbit serum and goat anti­
rabbit antibody conjugated to ferritin indicates 
no ferritin (F) particles attach to the pellicle (P) 
on the lateral or polar surfaces of the parasite.
xll6,850
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Figures 5 and 6. Toxoplasma gondii incubated with 
rabbit anti-toxoplasma serum and goat anti-rabbit 
antibody conjugated to ferritin.
Figure 5. Viable Toxoplasma exhibit gaps (G) in 
the pellicle (P) but the inner membranes (IM 1,
IM 2) remain intact. Ferritin (F) particles line 
the outer surface of the pellicle. xl44,900
Figure 6. Toxoplasma lightly fixed in 27e glutaral- 
dehyde adsorb ferritin (F) label on the outer, un­
broken surface of the pellicle. The inner membranes 
(IM 1, IM 2) remain intact. xl06,500
47
V i ,
" ... *> *
„  <w
rl ,  f.W ■'■ •S
/
. -.■ '•  ' &  «.*' *'
"■ * -? •■ .’■ i-ii' . ' ' ' C  ’ . *  •■ . '
••’ _ <-.i • • . .,• . '•=> • ‘ ■ -11 ' •' ’ t  ,•*•\    ;■>. ..... •;
. . w
48
Figure 7. Exposure of Toxoplasma subcellular 
components to rabbit anti-toxoplasma serum and 
goat anti-rabbit antibody conjugated to ferritin. 
The three component system shows selective ferritin 
(F) label. Microtubules (MT) exhibit background 
level particles, while the conoid (C) and 
pellicle (P) are heavily labeled on their inner 
and outer surfaces. xl03,000
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Figure 8. Exposure of Toxoplasma subcellular 
component to rabbit anti-toxoplasma serum and goat 
anti-rabbit antibody conjugated to ferritin. The 
pellicle ghost (PG) remaining after protease 
incubation shows ferritin label equally distributed 
on its inner and outer surfaces. xl03,500
51
i - *'x'
• „ v « ' 9
• ’ ^  / . * 
?*% $& *?**.*-■ -4*
. •* «-'X .$*♦’
■* ‘ ? B * f>-9«• .  tffc' ®
►•?43fV •-,"V i.
- -
&£•* »■ fc*-f . 7 .  ■ :<
u?**.t. Vi •- a
•i»




/  ,*  .*» V  - v y ' ' i , ' t  » K  V;1  ̂ *  » Y t} ' *
., , >  *
\4i» •*»
v* ■
*-» * v a -*/*n-’- '
$+"
« I-’ •«'.* >
« .V " * -
V
PG
' 51 >!■* V ;«r>*«Sfc
•u* ft; «
' \  . -#• * *
•• ./•**$? t "
. t ;,' \ '  •» ' V




* * * * - *-.' i -
'**••. i-> '«•.'-'!» '- ^(^'< j'J.L' ♦ « ’*."' d.»i
y &
” * * 4;
-.•<i'





» 1r 1 'i,'*
■-o' •*•.«’'
' - * . . . .  .V. •/•»« A V r~‘ ■• V -
; ■  1
■i?»* -■* . : "■??
CHAPTER III
CYTOCHEMICAL AND BIOCHEMICAL 
STUDIES ON THE PELLICLE
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INTRODUCTION
Although ultrastructural studies have suggested the 
pellicle (outermost, continuous membrane) of the Toxoplasma 
tachyzoite is a typical lipid bilayer, biochemical evidence 
gathered thus far has implied that the membrane is unusual. 
Low concentrations of hemolysin, a surfactant of phospho­
lipids, does not affect Toxoplasma viability or the ultra- 
structural integrity of the membrane (32), whereas higher 
hemolysin concentrations will lyse the parasite to yield a 
three component system consisting of microtubules, conoid 
and pellicle. That the pellicle is insensitive to hemolysin 
on both outer and inner surfaces would infer phospholipids, 
if present, are masked by other molecules (31).
Suzuki and Tsunematsu (30) demonstrated that the anti­
genicity of the pellicle was increased when living parasites 
were treated with trypsin, i.e., a trypsin-labile material 
partially covers the membrane surface. Tryon (31) showed 
membrane antigen symmetry when the pellicle ghost was treated 
with protease in which the isolated pellicle ghost remained 
intact after incubation with enzyme. These data suggest 
that protein moieties might be loosely associated with the 
pellicle. Furthermore, investigations concerning the 
presence of carbohydrates have proven negative. Sethi, ejt al. 
(22) pretreated tachyzoites with trypsin and then exposed the
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parasites to plant lectins with binding specificity for 
D-mannose, D-glucose, N-acetylglucosamine and N-acetyl-D- 
galactosamine residues. No fluorescent reaction was noted, 
indicating the specific lectin-binding saccharides were 
not exposed after trypsinization or were present in 
quantities below assay detection.
It was of interest, therefore, to investigate the 
composition of the pellicle, particularly since the organic 
constituents are involved in surface antigenicity, specifi­
cally the dye test antigen-antibody reaction (11, 19). The 
present study describes the cytochemistry of Concanavalin 
A and silver methenamine binding on the intact tachyzoite 
surface. In addition, several biochemical investigations 
were conducted on the 3 component system (3CS) and the pro­
tease-purified pellicle ghost (PG): protein assay by the
Lowry method and sodium dodecyl sulfate (SDS) polyacrylamide 
gel electrophoresis, phenol-sulfuric acid method for quanti­
tation of carbohydrates and gas-liquid chromatography in 
identification of monosaccharides after hydrolysis.
MATERIALS AND METHODS
The RH strain of Toxoplasma gondii (obtained from
H. G. Sheffield, National Institutes of Health) was purified 
as described by Tryon, £t al. (32) and isolation of the 3CS 
consisting of microtubules, conoid and pellicle followed the 
procedures of Tryon (31). Preparation of the PG was the
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same except that the pronase (Grade B, Calbiochem) did not 
contain starch extender. Depending upon the 3CS sample size, 
1.5-4.5 mg of enzyme was used to digest microtubules and 
conoids.
Cytochemistry
Concanavalin A (Con A) studies were carried out follow­
ing the procedure outlined by Edelson and Cohn (10). Puri­
fied Toxoplasma were incubated at 4°C in 50 ^ g / m l  Con A 
(Sigma Chemical Co.) in Sorensen's phosphate buffer (SPB) , 
pH 7.2, for 30 minutes and then washed 4 times with cold 
SPB. After the first incubation the cells were incubated 
30 minutes at 4°C in 1 mg/ml horseradish peroxidase (Sigma 
Chemical Co.) in 0.1 M cacodylate buffer, pH 7.4. Following 
4 washes with cold cadocylate buffer, the cells were fixed 
in 2%, glutaraldehyde in 0.1 M cadodylate buffer at 4°C 
for 1 hour and then washed with excess buffer 3 times. The 
Con A labeled, fixed cells were stained for peroxidase by 
incubating a cell suspension for 15 minutes at room tempera­
ture in 15 mg diaminobenzidine (Sigma Chemical Co.) dissolved 
in 30 ml 0.05 M TRIS buffer, pH 7.6, to which 0.1 ml of 
3.0% ^2^2 was added immediately before use. After washing 
with cacodylate buffer, the suspension was sedimented and 
the pellet post-fixed in 1.0%, 0s0^ for 1 hour, en bloc stained 
with uranyl acetate, dehydrated in acetone and embedded in 
Epon. Thin sections were cut on a Sorvall MT2B ultramicro­
tome, post-stained with Reynold's lead citrate and viewed on
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a Hitachi HU-11A electron microscope. Controls for this 
procedure were treated identically to the experimental 
samples except that the Con A labeling step was omitted.
The silver methenamine (SM) assay for detection of 
mucopolysaccharides and glycoproteins entailed fixation of 
a pellet of purified Toxoplasma in 2.07, glutaraldehyde in 
0.1 M cacodylate buffer for 1 hour. The cells were de­
hydrated, embedded and sectioned as outlined above. Thin 
sections were mounted on gold grids, immersed in 3 changes 
(5 minutes each) of 0.57, acetic acid and washed twice in 
distilled water. After incubation at room temperature for 
20 minutes in 1.07, periodic acid and washing 2 times in 
distilled water, the samples were incubated in the dark at 
60°C for 25 minutes in the fresh SM solution (5 ml 5.07, 
silver nitrate, 100 ml 3.0% hexamethylene tetramine, 5 ml 
5.0% sodium borate) and then washed twice in distilled 
water. Following a 5 minute immersion in 1.07o gold chloride, 
washing twice in distilled water, 5 minute immersion in 
5.07, sodium thiosulfate and rinsing twice in distilled 
water, the sections were counter-stained for 5 minutes in 
aqueous uranyl acetate and viewed on a Hitachi HU-11A 
electron microscope. The control sample was treated in the 




Protein of the 3CS and PG from 4 Toxoplasma infected 
mice was determined by the method of Lowry, et al. (15), using 
bovine serum albumin as the standard.
Electrophoresis was performed in acrylamide gels 
according to the method of Weber and Osborn (36). A 10.07o 
separating gel was cast in 4 mm id. tubes to a height of 12 
cm. After polymerizing the separating gel, 1 cm of 3.0% 
stacking gel was added. Samples of the 3CS and PG were dis­
solved in 200 yU-1 of 1.07o SDS (Pierce Chemical Co.) and
1.0% 2-mercaptoethanol (Sigma Chemical Co.) in 0.01 M sodium 
phosphate buffer, pH 7.0, and heated to 100°C in a water 
bath for 3 minutes. A small residue of each sample remained 
insoluble and was sedimented from the sample solution by 
centrifugation in a Beckman B microfuge for 2 minutes. Dis­
solved samples and standards of chymotrypsinogen, ovalbumin 
and ribonuclease A (Pharmacia) were added to gel tubes. 
Electrophoresis was carried out in a Hoefer Scientific Instru­
ment gel apparatus at a current of 0.9 mA/tube, using 
bromphenol blue as the tracking dye. When the tracking dye 
had migrated to within 2.5 cm of the bottom of the tubes, 
the gels were stained in Coomassie blue (Biorad). After 




Total carbohydrate content of the 3CS and PG from 4 
Toxoplasma infected mice was determined by the method of 
Lee and Montgomery (12), using glucose as the standard.
For qualitative analysis of carbohydrates present in 
the 3CS and PG, samples of these preparations and several 
sugars for standardization (rhamnose, xylose, fructose, 
galactose, mannose, glucose and ribose) were converted to 
sugar alcohols and then acetylated according to the methods 
of either Abdel-Akher, ert al. (1) or Lehnhardt and Winzler 
(13). Samples in a 1-10 i d  volume were injected into a 
Perkins Elmer 3920-B gas-liquid chromatograph containing a 
6 foot glass column (2 mm id.) packed with Chromasorb W 
and OV-210 coating (Teklab). Initial temperature for each 
injection was 150°C and after 2 minutes the column was pro­
grammed for an increase of l°C/minute to a maximum of 210°C.
RESULTS
Cytochemistry
When intact, viable Toxoplasma were incubated with 
Con A, no glucose or mannose lectin-binding sites were seen 
on the surface of the organism (Figure 1). Controls also 
were negative with this procedure (Figure 2). The SM assay 
for mucopolysaccharides and glycoproteins (Figure 3) showed 
a positive reaction between the 2 inner membranes located 
beneath the pellicle. Deposition of silver granules con­
sistently appeared on the facing surfaces of the inner mem­
branes, while light scattering of silver particles occurred
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in the cytoplasm. No reaction occurred on the pellicle 
surface. Controls for the silver methenamine assay were 
negative (Figure 4).
Protein Assay
Total protein content of the 3CS and PG by the Lowry 
method indicated the amount of protein present in these 
preparations was below the resolution of the procedure. 
Electrophoresis using 10.0% SDS polyacrylamide gels indi­
cated 7 bands in the 3CS and 5 bands in the PG (Figure 5).
On the basis of the relative mobilities (R̂ j) of the standards 
used (ovalbumin = 0.36, chymotrypsinogen = 0.55, 
ribonuclease A R̂ . = 0.77), the R^ of bands present in the 2 
preparations were used to approximate the molecular weights 
of these constituents. These data are presented in Table 1.
Carbohydrate Assay
Phenol-sulfuric acid hydrolysis of carbohydrates in 
the 3CS and PG indicated 25 ^  g carbohydrate in the former 
and 8 p. g in the latter. Carbohydrate analysis by gas- 
liquid chromatography of these 2 preparations indicated there 
were 3 carbohydrates in the 3CS and 2 carbohydrates in the 
PG (Table 2). Based upon the retention times (RT) of 
standards, it appeared that the RT of 2 of the sugars present 
in the 3CS were identical to those of rhamnose and ribose.
The third carbohydrate (RT = 31.2) appeared slightly in
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advance of the xylose standard (RT = 32.0). The PG analysis 
indicated that the carbohydrate corresponding to rhamnose 
was not found in this preparation, although the other 2 
sugars of the 3CS were present,
DISCUSSION
The Toxoplasma gondii tachyzoite pellicle appears to 
be a typical membrane, based upon known fixation and stain­
ing properties of membrane lipids. Regular light and dark 
bands result from OsO^ reaction with polar lipid constit­
uents within membranes (18). However, the pellicle 
possesses some unusual properties: it is thicker than most
membranes and it is associated with a pair of inner mem-
Gbranes (24), resulting in a total thickness of 400A for the 
three membrane complex; it exhibits no fluorscent lectin- 
binding sites on the outer surface (22); it is insensitive 
to low concentrations of hemolysin, a surfactant of 
phospholipids (32).
The present study has given further indication that 
the pellicle is an unique structure. Lack of Con A binding 
at the ultrastructural level infers that, if D-mannose and 
D-glucose are present, these hexoses are present in minute 
quantities or are blocked in some manner from reacting with 
this lectin. Many eukaryotic cell membranes, on the other 
hand, have been found to have carbohydrates (14, 17, 23,
26). Furthermore, the silver methenamine study indicates
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a lack of glycoprotein and mucopolysaccharide reaction 
sites on the pellicle. The Singer membrane model theorizes 
that glycoproteins are associated with membrane phospholipids 
(25) . The Toxoplasma pellicle either does not have these 
moieties or 1,2-glycol and oC -amino groups of carbohydrates 
are prevented from being oxidized by periodic acid to form 
free aldehydes. It is interesting to note the two inner 
membranes are positive for this test; the inference may be 
drawn that these membranes, rather than the pellicle, exhibit 
characteristics of many "typical" membranes.
Equal aliquots of purified parasites were used in 
isolation of the 3CS and PG preparations and subsequent total 
protein and carbohydrate assays. Although cytochemical tests 
in the present study did not show the presence of carbohy­
drates, there was proportionately a greater amount of car­
bohydrate than protein contained in the pellicle.
Results of gas-liquid chromatographic analysis of 
carbohydrates in the PG give further credence to the pro­
posal that no glucose or mannose is present in this structure. 
Since the sugar which corresponds to rhamnose was deleted 
with preparation of the PG, this carbohydrate must be a 
constituent of the microtubules or conoid. Rhamnose fre­
quently appears as a constituent of polysaccharides. The 
3CS and PG sugar with an RT slightly less than that of 
xylose awaits positive identification.
Although 3CS and PG total protein content of the 
quantities employed was below the resolution of the Lowry
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assay, protein is present in the pellicle. Sulzer, ejt al.
(29) has shown by freeze-etching that proteinaceous (6) 
integral membrane particles were present. Cytochemical 
studies by Akao indicated that glucose-l-phosphatase and 
fructose-1,6-diphosphatase were found in the pellicle (4), 
while ATPase activity was located on the facing surfaces 
between the two inner membranes (2) and aspartate amino­
transferase on the cytoplasmic side of the innermost mem­
brane (3) .
Whereas the preparations used by Bloomfield and 
Remington (5) in polyacrylamide gel electrophoresis were 
lysates of the entire parasite, the results of the present 
study are helpful in identifying proteins contained in the 
pellicle and other subcellular components. By electron 
microscopic verification the PG preparation contains only 
the pellicle (31). Therefore, the 5 bands that appeared in 
the electrophoretic procedure are part of this structure 
(Table 1). Bands #1 and #2 of the 3CS preparation corre­
spond to bands #1 and #2 of the PG and the 48,000 molecular 
weight component is probably the same as the 51,000 molecu­
lar weight PG constituent, since they fall within the margin 
of error for calculating protein molecular weights from gel 
electrophoresis procedures. Of the 43,500, 38,000 and 
34,000 molecular weight bands of the 3CS, one probably 
corresponds to the 36,000 molecular weight band found in 
the PG, while the other two likely are constituents of the 
conoid and microtubules. De Souza and Souto-Padron found
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basic proteins to be associated with the conoid (7) and 
other investigations have indicated that the conoid is 
formed, in part, by microtubules (2.0, 35). The 21,000 
molecular weight band of the 3CS also appears to be a part 
of the microtubule-conoid complex.
The finding of high concentrations of carbohydrates 
within "typical" phospholipid-protein membranes is not with­
out precedent. Powell and Bracker (16) found the "finger­
print" organelles of Phytophthora to contain 40.07o poly­
saccharide, primarily glucose. These inclusions appear to 
be filled with morphologically "typical" membranes. 
Similarly, Stratton has found high carbohydrate content in 
multilamellar bodies of lung tissue (27, 28), and Con A 
binding sites have been found to be distributed extensively 
on the Leishmania promastigote pellicle surface (8).
Whether the Toxoplasma pellicle plays a physiological 
as well as structural role is unclear. The microtubules 
are not attached to the pellicle, as in Leishmania (9), and 
they extend posteriorly onl}? to the region of the nucleus 
(24). This would infer that the pellicle itself contributes 
to the shape of the organism. It has been shown that, while 
the inner membranes form de novo from the mother cell cyto­
plasm during endodyogeny, the pellicle of daughter cells is 
derived mostly from the parent (21, 34). In addition, it 
is not known if this rigid structure plays a protective 
role in defense against host reactions. Further studies of
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the pellicle composition may make it possible to assign 
functions to this structure.
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TABLE 1
Proteins of the 3 Component System and Pellicle Ghost 
as determined by 107o SDS polyacrylamide 
gel electrophoresis
3 Component System
Band Relative MolecularNumber Mobility Weight
1 0. 03 78,600
2 0.16 58,500
3 0.30 48,000
4 0. 36 43,500
5 0.43 38,000
6 0.48 34,000




1 0. 03 78,600
2 0.15 59,500







Ribonuclease A 0. 77 13,700
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TABLE 2
Gas-liquid chromatographic analysis of carbohydrates 
















Rhamnose 24. 7 195.5
Galactose 27.5 201.0
Ribose 28.0 202.0
Fructose 30.0 206. 0
Xylose 31.5 209.0
Mannose 32. 0 210.0
Figure 1. Incubation of intact, viable Toxoplasma 
gondii with Concanavalin A shows no reaction to 
occur on the pellicle (P) with this lectin which 
is specific for glucose and mannose. xl85,000
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Figure 2. Control sample for Concanavalin A 
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Figure 3. The silver methenamine assay on intact, 
viable Toxoplasma indicates deposition of silver 
granules (SG) between the two inner membranes 
(IM 1, IM 2) and lightly in the cytoplasm. No 
reaction occurred on the pellicle (P). x91,000
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3
Figure 4. Control sample for the 
silver methenamine assay shows no 




Figure 5. Densitometric scans of the 3 component 
system and pellicle ghost preparations separated 
in 10% SDS-polyarcylamide gels and stained with 
Coomassie blue. Bromphenol blue tracking dye (TD) 
appears at the leading edge of the gels.
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GENERAL SUMMARY
The results of the present studies have indicated that 
the Toxoplasma pellicle does not exhibit characteristics 
typical of mammalian cell membranes. Low concentrations of 
hemolysin will lyse host cells and free tachyzoites which 
retain their viability. Higher concentrations of hemolysin 
will lyse the parasite to yield a 3 component system con­
sisting of the pellicle, conoid and microtubules. Protease 
treatment of the 3 component system digests the conoid and 
microtubules, leaving the pellicle.
Based upon the fact that the pellicle resists protease 
and trypsin digestion, the structural role of the pellicle 
must be questioned. Microtubules are not attached to the 
pellicle, as in other protozoans, and probably do not con­
tribute to the rigidity of the pellicle. Toxoplasma retains 
its characteristic shape whether located extracellularly or 
intracellularly. Additionally, in the extracellular state, 
a flexing-gliding motion is exhibited by the parasite, 
which would indicate the pellicle is not an absolutely rigid 
structure. On the other hand, the pellicle is resistant to 
ionic shock and hemolysin, which suggests the pellicle con­
tributes significantly to maintenance of shape.
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In an effort to understand the structure of the pel­
licle, several procedures were employed. In the qualitative 
analysis of carbohydrates present, it was found that although 
the presence of mucopolysaccharides or glycoproteins was 
not indicated, ribose and one unidentified sugar are present 
in relatively high amounts in the pellicle. Whether the 
sugars present are in the form of polysaccharides is not clear 
at the present time. The Singer fluid mosaic membrane model 
accounts for protein-protein, protein-lipid and lipid-lipid 
interactions. Carbohydrates are considered to be present in 
glycoprotein form. The high quantities of carbohydrates in 
comparison to protein concentration found in the Toxoplasma 
pellicle does not allow application of the Singer membrane 
model to the pellicle system.
Proteins are present in the pellicle, albeit in low 
concentrations. Freeze-fracture studies have shown that 
intramembraneous protein particles appear to be embedded in 
the pellicle. Five types of proteins are constituents of 
the pellicle as indicated by SDS polyarcylamide gel electro­
phoresis in the present study. The molecular configuration 
of pellicular proteins has not been determined and how these 
proteins are arranged within the pellicle must be established 
in order to understand pellicular structure.
It is noted, however, that carbohydrates play an im­
portant role in the host immune response to a Toxoplasma 
infection. How these sugar components are arranged in the 
pellicle to allow interaction with host antibody is unre-
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solved. Conversely, in order for the parasite to survive 
in the host, the defensive role of the pellicle against 
host reactions has to be determined. During the extracellular 
transitory state of the tachyzoite, immunological host re­
sponses play an important part in checking the level of 
parasitic infection. It appears that Toxoplasr. avoids the 
host defense by multiplication intracellularly. The para- 
sitophorous vacuolar membrane must play an important role in 
shielding the parasite from host cell responses. Mechanisms 
of intracellular host cell reactions versus Toxoplasma de­
fenses are unexplored areas of research.
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